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. Elemental analysis of amorphous metal oxide films determined by EDX.
Fig. S1. Temperature profiles of substrates under the NIR lamp.
Temperature profiles of FeCl 3 /FTO (purple), Fe(eh) 3 /FTO (blue) and bare FTO (black). Additional control measurements were also collected on a sample where Fe(eh) 3 deposited directly on the copper wire of the thermocouple by the NIRDD process, denoted Fe(eh) 3 /thermocouple (red), as well as the bare wire of the thermocouple (green). Temperature readings were recorded with a thermocouple in 5min increments, and indicated a rise in temperature that plateaus at a value no greater than 175 °C. These collective results confirm that a substrate temperature of 200 °C is not reached during a constant 1 h exposure to NIR radiation under our experimental conditions.
Fig. S2. UV-vis absorption spectra on amorphous films.
UV-vis absorption spectra, before and after being subjected to the NIRDD process, of: (A) metal halide precursor complexes on glass, FeCl 3 /glass (1), NiCl 2 /glass (2), and Fe 2 Ni 3 Cl/glass (3); and (B) coordination complexes on glass, Fe(eh) 3 /glass (1), Ni(eh) 3 /glass (2), Fe 2 Ni 3 (eh) 3 /glass (3), Ir(acac) 3 /glass (4) and Mn(eh) 3 /glass (5). Data for FeCl 3 /glass and Fe(eh) 3 /glass following the NIRDD process in a nitrogen environment is indicated by "1/N 2 ", respectively. The glass background is also shown. Note that glass was used rather than FTO to avoid interference at longer wavelengths. The film Fe 2 Ni 3 Cl/glass was prepared from a solution of 2 g of deionized water containing NiCl 2 (0.088 g) and FeCl 3 (0.039 g) that was spin-cast onto a glass substrate.
Fig. S3. Diffractograms of a-FeO x and a-Fe on FTO.
Powder XRD patterns acquired on as-prepared and annealed (T anneal = 600 °C) a-FeO x and a-Fe films prepared by applying the NIRDD process to (A) FeCl 3 and (B) Fe(eh) 3 deposited on FTO under air and nitrogen, respectively. Data recorded on a bare FTO substrate is also provided. Inset: Expanded view highlighting the region where the reflection associated with the maghemite and hematite form of Fe 2 O 3 at 35.5° is observed. This reflection is observed only for the films annealed at 600 o C under air, denoted FeO x -annealed.
Fig. S4. Diffractograms of a-FeO x on glass.
Powder XRD data acquired on as-prepared and annealed (T anneal = 600 °C) iron oxide films prepared by NIRDD of Fe(eh) 3 deposited on glass. The vertical bars represent the Bragg reflections for the hematite form of Fe 2 O 3 . Reflections are only observed for the annealed films.
Fig. S5. Chronoamperiometric measurements of a-FeO x .
Chronoamperiometric measurements for thin films of a-FeO x , prepared by the NIRDD process in air from FeCl 3 (blue) and Fe(eh) 3 (black). Blank FTO is also shown (black). The current was held at 10 mA/cm 2 for 7200 s. All data is collected on films deposited on FTO, and thus the slight differences in the response of the a-FeO x films are attributed to minor differences in film roughnesses or film densities. Electrochemistry conditions: Counterelectrode = Pt mesh; reference electrode = Ag/AgCl, KCl (sat'd); electrolyte = 0.1 M KOH (aq) ; current densities were corrected for uncompensated resistance.
Figure S6. Cyclic voltammograms for thin films of a-FeO x .
Cyclic voltammograms for thin films of a-FeO x , prepared by the NIRDD process in air, and the respective precursor films from which they were derived from; Fe(NO 3 ) 3 (red), FeCl 3 (blue) and Fe(eh) 3 (black) precursors. All data is collected on films deposited on FTO, and thus the slight differences in the response of the a-FeO x films are attributed to minor differences in film roughnesses or film densities. Electrochemistry conditions: Counterelectrode = Pt mesh; reference electrode = Ag/AgCl, KCl (sat'd); scan rate = 10 mV s -1 ; electrolyte = 0.1 M KOH (aq) ; current densities were corrected for uncompensated resistance. The bottom plots overlay the respective percent-mass-loss profiles in air and N 2 to highlight the effect of the atmospheric environment. Both FeCl 3 and Fe(eh) 3 appear to lose ligands in a stepwise fashion; our tentative assignments indicate that the first ligand is excluded at ~200 °C and the last ligand is liberated at ~400 °C. The ligands are excluded from FeCl 3 in three distinct steps in both air and N 2 , while data recorded on Fe(eh) 3 in air shows the loss of two ligands in quick succession followed by the loss of the third ligand at higher temperatures; this pattern is reversed under nitrogen. Complete decomposition is not complete until T > 400 °C for any of the data shown, which is much higher than the surface temperatures reached during the NIRDD process. (blue) along with a surface peak (orange) and an Fe 3+ satellite peak (blue). Curve fitting in B used centre-of-gravity peaks for Fe 2+ (green) and Fe 3+ (blue); a surface peak (orange) and a Fe 2+ satellite peak (green) are also shown. The Fe 3+ satellite peak is not shown, as it is likely superimposed with the Fe 2p 1/2 peak. Fig. S15. XPS data for a-CuO x and a-Cu , and the membrane (black trace), where the membrane is Nafion ® (B) The membrane electrode assembly was prepared by mechanically pressing a platinum mesh counter electrode, the prepared Nafion membrane, and a Toray carbon paper gas diffusion layer between two Ti plate electrodes. The catalytic current with the blank membrane is due to the titanium plates mediating the OER reaction. Electrochemistry conditions: counterelectrode = Pt mesh; reference electrode = Ag/AgCl, KCl (sat'd); scan rate = 10 mV s -1 ; electrolyte = 0.5 M H 2 SO 4(aq) ; current densities were corrected for uncompensated resistance. B Figure S22 . FTIR spectra of Ir(acac) 3 /membrane. (A) Full and (B) expanded FTIR spectra of Ir(acac) 3 /membrane subjected to NIR radiation for 0 (black) and 60 (blue) min. A trace for untreated Nafion membrane (red) is also shown. The magnified spectrum in (B) is included to feature the loss in intensities of the bands associated with the ligand vibrational modes.
